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HINGE MCMENTS OF SEALED-INTERN AL-BAL ANCE
' ARR ANGEMENTS FOR CONTROL SURF ACES
I - THEORETICAL INVESTIGATION

By Harry E. Murray and Mary A. Erwin
SUMMARY

The results of a theoreticael analysis of the hinge-
moment characteristics of various sealed-internal-balance
arrangements for control surfaces are presented. The
analysls considered overhangs sealed to various types of
wing structure by flexible seals spanning gaps of various
widths or sesled to the wing structure by a flexible
system of linked plates. Teakage was not considered; the
segl was assumed to extend the full spanwise length of
the control surface. The effect of the developed width
of the flexible seel and of the geometry of the structure
to which the seal was anchored was investigated, as well
as the effect of the gap width that is sealed.

The results of the investigation indicated that the
most nearly linear control-surface hinge-moment charac-
teristics can probably be obtained from a flexible seal
over & narrow gap (about 0.1 of the overhang chord), which
1s so installed that the motion of the seal is restricted
to a region behind the point of attachment of the seal to
the wing structure. Control-surface hinge moments that
tend to be high at large deflections and low or over-
balanced at small deflections will result if a very narrow
segl is used.

INTRCDUCTION

Experimental data on control surfaces having various
arrangements of sealed internal bslances have been col-
lected and a correlation has been made of the hinge-moment
characteristics for small deflections (reference 1}J. The
data used in this correlation were for balances consisting
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of an overhang sealed to a wing structure by a flexible
seal made of thin rubber or fabric. The effect of the
overhang-seal combinations was assumed to be the same as
that of an effective overheng chord equal to the chord of
the actual overhang plus one-he&lf the width of the gap
closed by the flexible seal, Obviously, such en assump-
tion could be expected at best to account approximately
only for the effect of the balance configuration near zero
deflection of the control surface and to neglect the
effects of variations of the dimensions of the balance
chamber, the developed seal width, and large control-
surface deflections.

Because seegled internsl balances are coming into
rather wide use on the closely balanced control surfaces
of high-speed &irplsenes, a systematic investigation has
been made by the Stebility Research Division of the NACA
to determine the characteristics of such balances. The
results of the investigation provided dasta that may be
used 1n obtaining better original designs of sealed
internally balanced control surfaces and that allow a
more eccurate estimste of the change in hinge-moment
characteristics associated with modifications of the
balance arrangement.

The investigation included both a theoretical and an
experimental study. The theoretical investigation, which
is presented herein, has as 1ts object the 1solation of
the most important varisbles affecting the characteristics
of sealed balances and the determination of the effects of
as'many of these variables as possible. The theoretical

.analysis was supplemented by an experimental study (ref--

erence 2), which served as a check on the theory and pro-
duced data on many important details not adapted to
theoreticél procedure.

For the general investigstion, two types of internal
bal ance were considered, typical installations of which
are shown in figure 1. 1In one case the overhang was con-
gldered to be connected to the wing structure by a flexi-
ble seal capable of sustaining only tensile stress; whereas
in the other case the seal was a flexible system of linked
plates.

‘The theoretical analysis given herein présents results
showing the effects of variations of gap width, developed:
seal width, and shepe of wing structure to which the seal
is agttached for the flexible sealed balance ‘end the effect

-
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of varying the length of the seal plate in a linked-
plate balance consisting of two plates.

SYMBOLS
Ch overhang chord
Ap pressure difference across balance
X,5 coordinates referred to origin at overhang hinge
axis
ﬁ,k coordinstes of seal arc center
Ly vertical clearsance required for ssal to develop

moments presented in figures 9 to 11, fraction
of overhang chord

g width of* gep between points of attachment of seal
when &y = 0°, fraction of overhang chord

Oy overhang deflection, degrees (See fig. 2 for sign
conventions.,)

r radius of seal arc

p mass density of alr, slugs per cubic foot

T tensile force in fabric sesl per unit span

PR pressure coefficlent aéross balance- <—Aap—>

v free-stream velocity

q free-stream dynamic pressure <—;—pV2)

MB total balance moment of balance system of unit span’
v volume of balance system at deflection 0§y

e} control-'surface deflection, degrees

My, moment of overhang of unit span %? Cb2 - (g)ﬂ
Mg seal moment; incremental hinge moment resulting

from segl of unit span

e e e e e ——— . ————y e i e A
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t thickness. of overhang at hingg axis

mg seal-moment ratio for overhearg having +t = 0 (MS/Md

s developed seai width, fraction of overhang chord

Acy, increment of section hinge-moment coefficilent

resulting from balance

cr control-surface chord

Cqg aileron chord ‘

V¥ leading-edge angle of overhsang

c airfoil chord | : !

h - controi-suffaée section hinge moment .

cy section hinge-moment coefficient (h/Qsz}, -

a - angle of attack, degrees :
ANALYSIé :
Methods

The present theoretical analysis was an investigation
of the characteristics of various configurations of sealed
internal balances. These configuretions consist mainly of
the two types illustrated in figure 1: (1) overhang
balances sealed.to-the wing dtructure by flexible material
capable of sustaining only tenslle stresses and (2) over-
heng balasnces sealed to the wing structure by a flexible
syst?m of linked vnlates.

The moments resulting from the types of balance shown
in figure 1 were determined by the following two methods:

(1) Resolution of forces - The method of the reso-
lution of forces consists of finding the forces exerted
by each part of the balance system as a result of a
pressure difference across these parts. The moments of
these forces about--the control-surface hinge sre then
added to.get the total moment of the balance system.

(
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(2) vVolume displacement - The method of volume dis-
placement consists of finding the rate of change of volume
swept by the balance with deflection. The moment of the
balance is then

g = (53) v (1)

Overhang Balance with Flexible Seal
The configurafions investigated are shown in
figures 3 to 5. The moments of such balances cean be

written as the sum of the moment resulting from the over-
hang and that resulting from the seal; therefore,

_ A £\
g = '23{%2 - @] "M @)

The moment exerted by the seal can be expressed in terms

of the seagl-moment ratio mg. Then

_ 1 ' ‘
iy = 42| - (5)] " Penms )

or, in terms of an increment of hinge-moment coefficient,

PR /Cb\? ( £ \@
Acy = — (=T 1 - (—}) +m ’
b .<°f> 2Cb> ° )

\

\

In order to obtain numericsal velues for Acy, an

investigation was made of the variatlon of the seal-moment
ratio mg with the two important balance dimensions - the
width of the gap to be sealed and the developed width of

the sesl. Such variations were investigated for seals
atteched at the leading edges to the following backplates,
which similate three representative types of wing structure:
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(1) TBorizontal-line backplate (fig. 3)
(2) . Vertical-line backplate (fig. l)
(3) Circular-arc backplate (fig. 5)

The flexible sesls analyzed were assumed to be non-
porous, inextensible, perfectly flexible, and weightless.
These assumptions imply that the unrestrained part of the
seal forms an arc of a circle and has a tensile force,
per unit span, of T = Apr acting everywhere tangent to
the arc. The moments resulting from these seals arise
either from the tensile stress in the seal (figs. 3, L(a),
and 5(a)) or from the seal lying along and equalizing the
pressure over part of the overhang (figs. li(b) and 5(b) ).

In order to 2pply the rssolution-of-forces method to-
the sesls shown in figures 3, li(a), and 5(a), the radius
of the seal arc snd the point at which the seal leaves the
backplate were determined. The investigation showed these
unknowns to be related to the other variables in the
balance system 2s indiceted by the equations presented in
appendix A. After these unknowns had been determined as
suggested-in appendix A, the bsalance systems were con-
structed as shown in figures 3, li(a), end 5(a). The seal
moment was then computed from the seal tension and the lever
erm, which was measured from the construction. If the’
resolution-of-forces method is applied to the seals shown
in figures L (b) and 5(b), the lever arm of the tensile
force in the sesl is zero. The reductlon in effective
overhang chord csused by such seals was equal to the
amount of overhang covered by the sesgl; this amount can
be determined as explained in appendix B.

In order to apnly the volume-displacement method to
the seals shown in figures 3%, Li(a), and 5(a), the balance
system was again constructed grephicelly. The area swept
by the seal, which equals the volume for a unit span, was
then mechanically integrated and plotted against flap
deflection. The slopes of this curve could then be estl-
mated for use in the formula for Mg. Beceause of the
difficulty of estimating the slopes from these curves, the
volume-displacement method proved to be the less accurate
of the two methods. If the effective-overhang reduction
corresponding to the seals of figures li(b) and 5(b) is
found by the method of appendix B, the moment resulting
from the seal csn be determined in terms of the volume
swept by the effective-overhang reduction.

-t
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Pressure-distribution data showed that, at high angles of
attack the deflection of a control surface from go to
-12° may be necessary before the pressure across the seal
changss sign. At such defliectlons the seal is extended
in a diréction opposite that of the overhang. This
deflectlion range corresponds to the negative values of the
overhang deflection &. (See fig. 2.) As soon as the

pressure changes sign, the seal blows across the gap and
&, 1s again positive. In order to investigate this
phenomenon, seal moments were computed for values of
from -12° to 20° except 1n cases of very small gaps, for
which the computation of seal moments for the entire
negetive. range was sometimes impractical.

Overhéng Balance ﬁith Linked-Plate Seal

Figures 6 and 7 show linked-plate balances consisting
of two anhd three hinged plates, respectively. The total
moment of the balance system can again be represented by
equation (3) in which the seal moment is the moment of all
parts of this balance except the moment of the overhang.
rigidly attached to the control surface. As indicated in
appendix C, the moments exerted by such balances can be
determined by both the resolution-of- forces and the volume-
displacement methods. )

RESULTS AND DISCUSSION

An investigation of the seal-moment characteristics
of the various seal arrangements was made by the resolution-
of -forces method and was checked by the volume-displacement
method. Only the moment characteristics of the seals are
presented. The effects of the entire balance system can
be obtained from the seal-moment characteristics by means
of equation (l). Figure 8 presents the characteristics of
flexible seals for various gaps as glven by the approximate
formla of reference 1.

Hinge moments of internally balanced control surfaces
normally become heavy at.large deflectlions as a result of
a decrease. In QJPR/W6. wlth deflection. In order to offset

somewhat the effect of a decrease in OPR/06 with deflec-
tion and to give theé most nearly linear control-surface




8 NACA ARR No. L5F30

hinge moments, Omg/d08p should heve a positive value.
(A positive value of Omg/06p that incregsed with

deflection would be even more desirable but generally
cannot be obtained.) Thils positive velue of dmg/ddy
may be considered favorable inasmuch ss linear or nesarly
linear control-surface hinge moments, glthough not
altogether necessary, are genersglly desirseble.

Flexible Seals

The characteristics of the flexible seals are pre-
sented in figures 9 to 11 for the .horizontal-line, vertical-
line, and circular-arc backplates. A comparison of these
figures with figure 8 shows that, in general, large errors
in the segl moments may result from the use of the approxi-
mate formula. Corresponding large errors can 'also be
expected in control-surface hinge moments estimated by the
aporoximate formula, except when the seal effect is smell
relative to the total balance moment. The seal character-
istics shown in figures 9 to 11 cen be discussed best in
terms of the following sesl veariables: gap width,
developed seal width, type of backvlate, and type of over-
hang.

Effect of gep width.- The effect of changes in gep

width can be seen best by reference to the curves for

s = 0.6 (figs. 9 to 11) for any backplate. Thess curves
indicate that an increase in gep width for a seal of con-
stant width increases the seal moment at small positive
deflections and decreases the sesgl moment et large posi-
tive deflections; the effect is, therefore, a change in
dmg /08y in the negative or unfavorable direction. If the

most nearly linear control-surface hinge-moment character-
istics over the entire deflection range are desired, small
gaps’of the order of g = 0.1 should be used. In terms of
control-surface hinge moments, increasing the gap width
tends to result in high control-surface hinge moments at
large control-surface deflections and low or overbalanced
moments at small control-surface deflections. -

Effect of developed seal width.- Pigures 9 to .1l
indicate that decreasing the developed seal width tends
to change Omg/ 8y in the negative direction, a change

which 1is unfavorsble. This effect should be the most
Important single consideration in the design of a flexible

" —— o —— - -
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sealed balance. The seal mist be sufficiently long that

it does not become teaut (see fig. 12 ) within the usable
deflection range. The seal shown in figure 12 has g very
large radius of arc; therefore, a very large tensile force-
is to be expected. Because this force 1s so directed as”
to unbalance the control surface, a sharp control-surface
hinge-moment increase is to be expected at large deflec-
tions.

Very wide seals contact the balance-chamber bHoundaries
at 'large deflections. A reduction of the sesl moment then
results at large deflections and this reduction also tends
to 'change 6mS§65b in the negative or unfavorsble direc-

tion. BRecause of thé difficulties involved in the analy-
sis of the seel effect after the sesl has contacted a
balance-chamber boundery, such effects have been determined
experimentally (reference 2). FPFigures 13 to 15, however,
were included to indicate .the ranges of gsp, seal width,
and deflection in which the seal moments presented in
figures 9 to 11 can be expected to be velld if the balance-:
chamber depth 1s known. -

Effect of backplateé.- The effect on the seal momentsL

of the three backplates investigated is shown in figure 16..
Figure 16(a) shows that, for a.small gap (g = 0.1), the
horizontal-line backplate tends to give large balance
moments at small deflections and small bslance moments at
large deflections. The horizontal-line backplate therefore
tends to result in an unfsvorable value of 0Omg/d6} and

should be avoided. The vertical-line and circular-arc
backplates, which restrain the motion of the sedl to a
reglon behind the point of attachment of the seal to the
wing structure and give a favorable vslue of émS/Bﬁb;Z
should be used. Increasirz the gap width tends to reduce-
the difference between the seel-moment characteristics of - -
the "three backplates as indicated by figure 16(b), which
shows seal-moment characteristics for g = 0.5. These .
backplate effects are summarized for only one representa-
tive sesl width, sirce other widths would give variations
similar in character but differing somewhat in magnitude.

Effect of overhang shape.- If the overhaﬁg-ﬁ@"changed

from the thin line sssumed.in the analysis to a _triangular
cross section as shown in figure 17, the angle at the

point of attechment-of the seal can have a value up to Lj0°
and yet effect no change in the seal moments presented in
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figures 9 to 11 for positive deflections and for gaps of
about g = 0.15 or larger. This result is obtained
because the added overhang thickness does not touch the
seal. A rather large range of overhang shapes therefore
seems to exist, for which the presented seal-moment .
characteristics will be sgltered little 1f any.

Linked-Plate Seals

The possibility of improving the hinge-moment charac-
teristics of control surfaces having limited overhang
chords by using linked-pliate seals such as illustrated in
figures 6 and 7 led to an investigation of such seals.
Figure 18 indicates that the linked-plate seal consisting
gf ;go plates (fig 6) exhibits an unfavorable value of

Another problem is the practical consideration of
preventing legkage -around the moving leading edge of the
segl plste. One method of preventing leskage is to use
a third plate as shown in figure 7. This third plate
may be small with resvect to both the original seel plate
eand the overheng so that the seal moments still approxi-
‘mate those of figure 18. If more exact characteristicsg
of the three-plate belance are desired, the method of
appendix C can be used.

EXAMPLE

In order to show how the characteristics of a sealed
internelly balenced control surface can be obtained from
those of the sesgled unbalanced surface and to indicate the
magnitude’ of some of the effects about which conclusions
have ralready been drawn, the effects of two balance con-
figurations on the hinge-moment characteristics of the
aileron section shown in figure. 19 have been determined.
The characteristics of the unbalanced aileron section are
shown in figure 20. From equation (li) the incremental
hinge-moment coefficients were computed for two balances
having vertical-line backplates end the following
dimensions:

Configuration ' cp/Ca g s
1 o.h4a7 0.5 O.Z
2 . .521 0 .
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The éffective overhang ‘as given by the approximate -
formula is Yo
. b

, E;:O'SZI

N

K]

for bdtchonfiguratioﬁs:‘uﬁhe:hfnge;mdm;ﬁﬁ characteristidé
of the balanced aileron are therefore the same for either

configuration according to the approximate formila and are
shown in. figure 20, AR T

. “Thé ‘section shown in figure 19 has Ll = 0.5 in-the -

region in which the seal is located. Inasmuch as fig-
ure lh(d indicates that a value of I = 0. 3l; is required

with configuration 1 and Ty = 0.446 with configuration 2

for a,deflection range of #20°, ample space is provided
for. the seal to develop the’ moments indicéted by fig-
ures 10(a)} and 10(f). )

In order to show the computsastion procedure, the calcu-
lations of the incremental hinge moments. for configuratioq 1
are presented. =Equation () was written'as follows to -
represent configuration 1:

Acy = PR(0.0868) (0.7975 + mg)

Table I shows the computations required for obtaining
hinge moments of the balanced alleron from this equation.
A similar procedure 1s used for configuration 2 and for
the apnroximate solution.

The computed characteristics of both configurations
are shown in figure 20. This figure indicsastes that the
large gap and rather short seal of configuration 1 result
in heavy hinge moments-at large deflections and that the
approximate rule does not properly represent this configu-
ration. It can slso be seen that the approximate rule
represents configuretion 2 reasonably well at large
deflections but leads to considerable error at small
deflections when the seal lies along part of the overhang.

CONCL.USIONS

The hinge-moment characteristics of various-arrange-
ments of sealed internal balances were investigated
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theoretically. The results of the investigation indicated
the following conclusions:

1. Increasing the gap width for a seal of constant
width or decreasing the developed seal width tends to
result: in high control-surface hinge moments at large
deflections and low or overbalanced moments at small
deflections.

2. Backplates that restrain the motion of the seal
to a region behind the point of attachment of the seal to
the wing structure probably give the most nearly linear
control- surface characteristics.

3. Varylng the cross section of the overhang from -
that of & thin plate presents no important aerodynamic
disadvantage and, if such a change 18 desired for struc-
tural reasons, a considerable rsange of design is avallable
in which the seal moments are unaltered.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronsautics
Langley Fileld, Va. April 30, 1945
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APPENDIX A

EQUATIONS CBTAINED WHEN NO PART OF SEAL LIES

I

AGAINST OVERHANG

The following equations relate the gquantities
involved in fixing the position of the seal arc when no
part of the seal lies against the overhang:

(1} For horizontal-ling backplate (fig. 3),

2 2 .
Y — . _1_3é;i - X3)" + 7y - ‘
s .Zr sin e + (%3 - xp)

' 2
l[i._l_&yl]

2 A

(2) For vertical-line backvlate (fig. li(a)),

2 2
- + (k -
s =2r sin“lj/(Xa *1) ( y1)*-+ k
2r
1 (y1 - k)a
r :E (XZ -Xl) - Xl -
1 2

(3) For circular-arc backplate with center at overhang
hinge axis (fig. 5(a)),

2 2
s = 2r sin'l~V@x3 - *1) 2+ (73 - 71) + Xo sin~1 %g
T

2 2
1 Ch™ - X2

r = X5 1 - = 5
X1X§ + yl‘y’3 - .'X2
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In these formulas, the first term renresents the length
of seal in a free arc and the second term reprsesents the
length of seal 1lying against the backplate. If conditions
are such that no part of the seal lies against the back-
plete, 21l three cases may be solved by

- )P e Gy - 72)°

8 = 2r sin .o
- . 2r SRR

If these reclationships are subject to a practical
condition - for example, requiring that the seal width
remain constant - the radius of seal arc and the location
of the point. et which the segl- leaves the backplate should
be determined in order that the system may be constructed
for a graphical type of solution. None of the equations
could be solved for any quantity other than s, however,
because of the inverse trigonometric functions involved;
curves of the equations were therefore plotted and the
necessary vealues were read from the curves.

.-

e e e e e . = R R A R AR E SO ST |
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APPENDIX B

EQUATIONS OBTAINED WHEN P ART OF SEAL LIES

AGAINST OVERHANG

A S

The following equations relate quantities involved in
fixing the position of the seal arc when part of the seal
lies ageinst the overhgng. (The meaning of symbols used in
these equations but not defined in the 1list of symbols can
be obtained from figures l (b} and 5(b).)

(1} ©Por horizontal-line backplate, the equations are -
omitted since the case is of little practical importance.

(2) For vertical-line backplate (fig. L(b)),
a 270° + &, 2 con 5
+ + x5 tan
ten 900 - 61 57.3 ( 2 b)
2

-~

+ (d - cp + Xp sec 6b)

(3) TFor circular-arc backplate with center at overhang
hinge axis (fig. 5(b)),

r(270° - g)} . |Bleb + g) | Spleb + g)] +a
57.% 57.3 57.3

g = tan~t al
(cp + 5) - (cp + g)(1 - cos B) - r cos §

4 = (cb + g)(1 - cos B} +rcos B - g

In these formulas the first term represents the width of
seal in a free arc; the second term, the width of seal
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lying along the backplate; and the third term, the width
of seal lying along the overhang.

In order to find the amount of overhang covered by
the seal, the distance d must be known. This quantity
can most conveniently be found if 4 1s plotted against
the seal width s for various overhang deflections.
Mopropriate values cen then be read from the curves,
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APPENDIX C

APPLICATION OF METHODS TO LINKED-PLATE BALANCES

A linked-plate balance consisting of two hinged
plates is shown in figure 6(a). Figure 6(b) shows the
force breakdown of the system for the resolution-of-forces
method. (The symbols used in this appendix and not
defined in the list of symbols céan be obtained from

figures 6 and 7.) ‘The moments exerted are as-follows:
The moment of plate IM is

Ap A°
7

The moment of normal force FN is

2
Ap BA -J/ (§> 2 A 2
—=——==|cos & 11 ~{—= 8in“6,, - = sin<d
2 b B b B b

The moment of axial force FA is

pomen . —

Ap A°
2

sin26bﬂ~§'cos 6b.éin26b
vé - <f%f sin26b
‘ B
. A . 2
cos 6, - 2{=) ocos by sin Bb . 2
= AP BAI‘ ° (B)z > - :2(£>sin255 + 824

Up" =32 7\-E B 2
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For the volume-displacement method, the volume
enclosed by plates 4 and B 1s

2 2
v = Alsin 28y + B4 gin 8y, - (2 sin°6
Tk 2 B b

Then
LT 2 \e. 5 .
dv - jeos . by -:2B- cos &y sin®gy, -\ {0 | 22,
T - 2{z)} 8in"oy| + —
8y 2
s
Eos 6p - 2(%)2 ci;.srﬁij sin26 2
My =AP-L = AP AB °. 2<5)sin2ab » AR A
B d5b 2 B 2

ayn 2 ,
1 -1|~— in™6, - - -7
L ‘\/ (B)zsn b

In terms of segl-moment retio, with plate B con-
sidered as the seal,

) 2
(1 - 2(%) sin26;> A >
cos Oy ——— B - 2(§>sin Oy
I PR . 2 ‘

.In ‘opder to solve thé_thpee-plate 1inked‘balance
shown in figure 7(a), the system should be brokén “down
as shown in figure T7(b); the normal- force Fy and the

axial force FA exerted by plate LM and plate Ki,

at joint T, should then be determined. Since the
dimensions of the pletes are known, F, can be expressed
as '

————— = e -
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Fa= % [cos (gmt 90°}) + 1M ten (6 - 900)] ip

The valus of Fy depends only on the length of plate IM
and the pressure difference so that

- 4p

The vector forces Fp and Fy can be added graphi-

cally as shown in figure 7(b) to find the resultant force
and its lever arm, the product of which is the moment of
plates LM and MN. .The sum of this moment snd the
moment of plste KI, is the total moment of the system,
which can then be checked by the volume~displacement
method.,
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TAELE I
COMPUTATION OF HINGE~MOMENT COEFFICIENTS OF
BAL ANCED AILERON FROM THOSE OF UNBALANCED AILERONS

s . - v,
EON- NN TN

P AL .

(1) (2) (3) (4) (5) (6) (7) (8) (9)
[}

\ ’ b o, 0.0868 | 0.7975 pop oy (8 dlax}:ce %
(deg) (deg) (2) () (5) x (6) | (Unbalanced) (7) + (8)
-18 -0.650 18 -0.0L4o0 | -0.056L | 0.7575 | -0.0427 0.1705 0.1278/
=16 -.6L5 16 +13%00 «.0560 .9275 ~.0519 .1523 .100L
-1l -.615 1l .2400 -.053l | 1.0375 -.0554 .1273 0719
=12 -.562 12 .3200 -.0488 | 1.1175 -.0545 +1000 0455
-10 -.190 10 .3800 ~o0425 [.1.2775 | ~.0501 L0726 .0225
-8 -.360 8 L4210 -.0313 | 1.2185 -.0381 .0453 .0072
-6 «.253 6 Ji520 -.0220 | 1.2495 -.0274 .021h - .0060
-l -,120 I A730 | .Jowol | 1.2705 -.0132 .0052 - .0080
-2 .005 -2 .5050 .000L | 1.3025 .0006 -.0127 ~.0121
0 W13 0 .5080 012 | 1.2975 ,0161 - +0330 - .0169
2 .295 2 1900 .0256 | 1.2875 .0%330 -.0548 ~.0219
_'h Jia2 L L4730 0358 | 1.2705 .0ls5h -.0795 -.0341
6 537 6 . 1520 OU66 | 1.2495 .0582 -.10h1 - +0459
8 .625 8 Ji210 .0543, | 1.2185 .0661 -.1288 ~-.0627
10 .712 10 +3800 L0618 | 1.1775 .0728 -.1540 -,0812
12 i 12 +3200. 0672 | 1.1175 0751 -.1779 ~.1028
1L 845 1 .24,00 0734 | 1.0375 0761 - +2000 -.1239
16 .895% 16 1300 | . L0777 +9275 0721 -.2186 ~.1465
18 940 18 ««0l00 .0816 +7575 .0618 -.23%63 -.17h45
20 +960 20 -+3150 .0833 L4825 .0ly02 -.2530 -.2138
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Hinge axis
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() Control/ surface with [inked-plate seal.

Figure [.— Typcal mstallation of avi miternally
Jealed and balanced contrd Jurface.
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NACA ARR No. L5FZ0 ' Fig. 2a-d
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NACA ARR No. L5F30 | N Fig, 4a,b
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Fig. 5a,b , B NACA ARR No. L5F30
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NACA ARR No. L5F30 ‘ : Fig. 6a,b
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Fig. 7a,b : NACA ARR No. L5FZ0
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NACA ARR No. L5FZ0 - Fig. 8
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Fig. 9a-f ) NACA ARR No. L5FZ0
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NACA ARR No. L5F20 : Fig. 10a~f
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NACA ARR No. L5F30

] S0/ avorth 5%
= il
=08 i amip 05 = CEPRET
= TARE = e a ] X
-/6 L 0 NEERNN
\
-24 =0 ‘
@ g-o & g=o. .
Seal wichthys
e — .52 3" u
- 1 ] . Z : ] N l '
16 aEpes 5= SEEEN 24 CErTT wmay
1 >3 11 A i AN >
o oo 46 T
N -
3 o 08
\t i \
J w06 o)
\ clg-=az. @g=as.
+
§ \
g - | HNEARMENE
E 48 T T SS90/ Wil p A
‘ G 32
B 6 ITTTITTT 40 ANEAN
o Sea/ avdrly s ] - 185 1
s 40 R easnaN < .32 \
= EH [ ] A
32 = > > N 24
D pRA Y SN
24 6 3
46 N 08 )
) 08 0
42 6 -4 0O 4 1276 2o 72~ -8 8 /2 16 &

(<) -4 ]
\ . Overharyg aerfleciiorn , & , d
(e) g=0.4. Ty b2 %G ) g=0.5.

Figure /1= Toment characteristics of flexble seals with circular
arc backprare.s. o

NATIONAL ADVISORY
COMMITTEE FOR AERMAUTICS




Oversbor 4

.52967//

—

Singe OX/IS

/‘7_'94//’6 | /L. - Lolorce with
SISt FFAEs s widlth.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Flex/ble seo/ oF

02d4S7T "ON W4V VOVN

© 2T 814



Fig. 13a-d -1 ) NACA ARR No. L5SF30
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" Fig. 15a-d i NACA ARR No. L5F30
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NACA ARR No. L5F30 ’ Fig. 16a,b
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NACA ARR No. L5F20 : ’ - ' Fig. 18
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Figure 19.- True-contour plain sealed aileron on an airfoil gection.
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NACA ARR No., L5F30
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